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Our heavy clay bottomlands are difficult to till, but they are highly 
fertile and with good management may produce abundant yields of 
adapted crops. 
The soybean is unexcelled among Missouri crops in natural adapta-
tion to these heavy soils. If correctly managed it may be followed by 
fall or spring grain crops with little or no further preparation of the land. 
The capacity of heavy clay bottomland to produce high yields of 
rice has been demonstrated repeatedly by commercial and experimental 
crops, though excessive spring rains sometimes make rice planting im-
possible. Rice culture seems a means for the more efficient use of a part 
of the heavy soils of the State that have long been unprofitable under 
Corn Belt systems of farming. 
These soils are capable of producing very high yields of wheat and 
winter barley, though severe injury from "heaving" and the presence of 
excessive moisture in late winter and early spring sometimes occurs. Im-
proved surface drainage, the use of adapted varieties, and efficient meth-
ods of preparing a good seedbed afford practical means of increasing 
the returns from these crops. 
Oats are well adapted to heavy clay soils but the difficulty in pre-
paring the land for an early sowing has sharply limited this production. 
The use of early maturing varieties, and the management outlined herein 
which makes earlier seeding possible, afford the principal means of suc-
cessful oats production on these soils. 
A large acreage of heavy clay bottomland in Missouri is utilized 
for corn, but the droughty nature of these soils and their t endency to 
hold excessive moisture in rainy seasons are frequent causes of 'low 
yields. 
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A seven-year experimental study of crop production on Wabash 
clay soil, commonly called "gumbo," is reported in this bulletin. The 
study has centered on an 80-acre experiment field near Elsberry, in the 
Elsberry drainage district, Lincoln county, Missouri. It has been con-
ducted cooperatively by the Missouri Agricultural Experiment Station 
and the Division of Cereal Crops and Diseases, United States Depart-
ment of Agriculture. The systems and methods of production on this 
field may be successfully repeated on other areas of Wabash clay and 
similar heavy bottom land in Missouri, provided such lands are pro-
tected from flood water and are given sufficient surface drainage to pre-
vent rain water from standing in the fields for long periods. 
THE BOTTOM LAND AREA OF MISSOURI 
Twenty per cent of the total land area of Missouri is alluvial soil, 
classified on a basis of utility as 7,000,000 acres now being farmed, 1,-
000,000 acres not now in cultivation but capable of producing crops, 
and about 600,000 acres of non-agricultural land now considered Waste. 
This great acreage, including a number of soil types, lies mostly in the 
valleys of the Mississippi and the Missouri, though a large area is found 
also along the Grand, the Chariton, and the numerous smaller streams. 
On this total area of alluvial soil, approximately 1,500,000 acres is 
represented by Wabash clay and similar heavy types. They are known 
to be rich in organic matter and the mineral nutrients essential for plant 
growth. Their actual farm output, however, is not in proportion to their 
theoretical standard of fertility. As usually managed they fall below 
less fertile land in yield per acre. 
The question arises: can practical methods be developed whereby 
the high potential fertility of these extensive gumbo soils may be ren-
dered more efficient in crop production? Such an addition to our re-
sources in agricultural land would be very valuable . 
• J!. Agent, Division of Cereal Cnips anti DiscasC's. Bureau of Plant Industry. U . S. - D{'part~ 
ment of Agriculture, ancI As~;istant Professor of Fiehl CrollS , Agricultural Experiment Sta· 
tion, Columbia, ~lo. 
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THE NATURE OF WABASH CLAY 
Wabash clay, on which these studies were conducted and the type 
to which the name "gumbo" is most frequently applied, is a dark heavy 
soil. It is generally found in comparatively level tracts in the wide bot-
toms, and is usually separated from the stream channels by a belt of 
coarse textured soils deposited by swift overflow water. The gumbo soils 
were derived from deposits laid down by standing or slow moving over-
flow water, and are therefore made up largely of the finer particles of 
soil material carried in suspension. Because of their fine texture and 
level topography they are naturally poorly drained. Unless protected 
by levees and drained by artificial means, they hold an excess of water 
throughout most of the year and are therefore not suitable for agri-
culture. In any natural condition they are difficult and expensive to 
plow and cultivate. Good yields on these soils, under common methods 
of farming, are obtained only in the rare seasons of moderate and evenly 
distributed rainfall. 
The soil of the Elsberry experiment field is a good example of 
Wabash clay. It is a dark, heavy, tenacious clay, 15 to 18 inches deep; 
and it grades without pronounced change into a lighter colored subsoil 
which is similar to the surface in physical properties and extends to a 
depth of 3 to 12 feet. Mechanical analysis shows the top 6 inches of 
the surface to contain 3.55 per cent of sand, 41.7 per cent of silt, and 
54.6 per cent of clay. The entire soil profile to a depth of 3 or more feet 
is sticky and plastic when wet, but becomes hard and intractable and 
cracks badly on drying, thus injuring plant roots mechanically and 
permitting a free circulation of the air within the soil that hastens the 
loss of moisture. 
CROP PRODUCTION ON WABASH CLAY 
From 1930 to 1936 inclusive, experimental crops of soybeans, rice, 
wheat, and oats have been remarkably successful. Winter barley, 
studied later in the experimental period, has also produced very high 
yields. On the contrary, corn and clovers have been mediocre or have 
failed in most seasons. The records of these crops, including the meth- . 
ods of production and resulting yields, are presented in the following 
pages. 
THE SOYBEAN CROP 
Soybeans are grown to a limited extent on the Wabash clay and 
closely related soil types in Missouri. In the investigations at Elsberry, 
however, a remarkable adaptation of the crop to these heavy soils has 
been demonstrated which had not previously been recognized. Certain 
reasons for this adaptation are apparent. 
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(1) Soybeans are remarkably resistant to drought which is often 
. specially destructive to many other crops on this group of soils. In the 
intense droughts of 1930, 1933, and 1934 Virginia soybeans on the ex-
periment field at Elsberry gave an average acre yield of 21.6 bushels, 
but corn and clover produced very low yields or failed completely. 
Fig. 2. Soybeans thrive on gumbo soil under extreme1y unfavorable weather condi· 
tions. In the great drought of 1936 the experimental crops at Elsberry, represented in the 
picture, yielded 15 bushels of seed and 1 V2 tons of hay per acre. (Compare with Figure 3). 
(2) Soybeans grow better than corn on poorly drained heavy land 
in wet seasons, although they will not thrive where water stands for a 
considerable time. An opportunity was afforded for comparing the two 
crops growing in the presence of excess moisture during the summer of 
1929 when the soil was thoroughly saturated a large part of the time. 
Under these conditions soybeans planted in rows and cultivated yielded 
20 bushels of seed to the acre, while corn grown by the same methods on 
bordering fields yielded only 8 bushels of poor quality grain to the acre. 
(3) Soybeans produced by correct methods will loosen the heavy 
soils temporarily and leave them in suitable condition for sowing to fall 
grain with little or no further preparation. Also soybean stubble land 
can usually be worked into a good seedbed for corn and other spring 
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planted crops at an .earlier date, in a shorter time, and at a lower cost 
by thorough double disking than by spring plowing. 
(4) Soybeans are decidedly superior to other standard Missouri 
crops for growing on land the first season following a crop of rice. This 
fact emphasizes the ability of the soybean plant to thrive under soil 
conditions adverse to many other crops. It is an important fact, how-
ever, only to the farmer who is interested in rice culture. 
Fig. 3. The soybean crop shown here was grown in the gumbo at Elsberry in the 
excessively wet seaSOIl of 1929. The acre yields of hay and seed were 3'/:, tons and 20 bushels, 
respecti vely. 
But the excellent adaptation of the soybean crop to clay soils de-
pends partly upon good methods of production, including the use of 
suitable varieties. Methods for growing the crop over the State as a 
whole have been widely taught by the Missouri College of Agriculture. 
On the basis of experimental evidence and observations at Elsberry, 
the application of these methods to heavy bottom land is briefly out-
lined in the following paragraphs. 
Varieties 
For Hay.-According to the investigations at Elsberry the best 
varieties for hay on heavy bottom lands in Missouri are Virginia and 
Wilson. Virginia may out yield Wilson by a small margin, but Wilson 
produces a finer quality of hay and is less likely to lodge and develop a 
viny growth that is difficult to harvest and handle. On the more fertile 
areas of such land Illini, Manchu, or other varieties that produce a short, 
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erect growth would probably be found more desirable than either Wilson 
or Virginia, but they should be seeded there at a very heavy rate-110 
to 120 pounls to the acre-to insure a maximum yield and a good 
quality of hay. Laredo is grown extensively on heavy soils in the 
southern part of Missouri. It there produces remarkably high yields of 
very fine-stemmed, leafy hay, but it was found to be rather late 
maturing for the average season at Elsberry. 
For Seed.-Seven selected varieties of soybeans were tested at 
Elsberry to determine comparative yields of seed. The tests were made 
in 1932 on land in a three-year rotation of corn, soybeans, wheat and 
sweet clover. In the remaining four years the varieties were grown on 
land alternately in soybeans and oats. The yields are shown in Table 1. 
TABLE 1. ACRE YIELDS IN B US HELS OF SOYBEANS AT ELSBERRY, 1930 TO 1934. 
Annual Averages 
Varieq· 1930 1930 1931 1933 
1930 193 1 1932 1933 1934 t o to to t o 
1')] 1 1934 I?H 19H 
Virginia _________ ___________ 16.4 28.2 27.6 22.5 25.8 22.3 24.1 26 .0 24.1 I lIini _______________________ 19.9 37.7 33.1 22.6 20.~ 28 . S 26 .8 28.6 21. 7 
Harbi nsoy _______ __ _________ 16.9 25.6 2? 3 19.5 12.{ 21.2 20.7 21.7 15. 9 
MidwesL _____ ___ . _________ _ 17.5 H.7 27 . 5 19.4 21.2 21. 1 22. I 23.2 20.3 Manchu _________ _______ ____ 31.6 32.3 21. 9 H.2 27.5 23.0 
Wilson. _____ ____ . __________ 18 .3 26 .9 19.2 21.7 22.6 2004 
Morse. __ _________ ___ _______ I S.? 25.2 22.0 
Not all the varieties were tested each season. For this reason the 
average yield of the varieties for different groups of seasons were de-
termined and are also shown in the table. In comparing varieties, the 
longest period over which they were tested should be made the basis of 
companson. 
Of the four varieties compared for the full five-year period, Illini 
with an average yield of 26.8 bushels to the acre was the leading va-
riety. During the four-year period, 1931 to 1934, Illini with an average 
yield of 28.6 bushels to the acre was again the highest yielding variety 
but exceeded Manchu in yield by only 1.1 bushels. Midwest and Morse, 
which have been grown extensively on uplands in Missouri, proved to 
be poorly adapted to conditions at Elsberry. Aside from their low yields 
they showed other objectionable features. Midwest produced coarse, 
woody plants that were difficult to harvest and thresh, and matured 
too late to be followed by a timely seeding of wheat. Morse showed a 
pronounced tendency to develop side branches that settled to the 
ground as the plants neared maturity, making it necessary to harvest 
part of the crop by hand. 
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It is worthy of note that Virginia, one of the leading hay varieties 
not only for bottom land but for the State as a whole, produced the 
highest average yield of seed during the extremely dry seasons of 1933 
and 1934. On the whole, however, the results indicate very clearly that 
Illini and Manchu are the most productive seed varieties on this type 
of soil. In addition to their superior capacity to yield, they mature very 
early and produce a strong, upright growth that is easily harvested with 
a binder. 
Seed Bed Preparation 
If soybeans are to succeed on heavy clay soils the crop should be 
started on a good seedbed. Perhaps there is no other single factor that 
will so largely determine the success of the crop as the condition of the 
land at planting time. The bed should be loose and pulverized at the 
surface, firm underneath, and free from weeds. Land in an ordinary 
state of cultivation can best be brought into this condition by fall or 
early spring plowing, followed by disking at intervals during the four 
or six weeks preceding planting, to germinate and destroy as many 
weeds as possible before the crop is started. The final step should be a 
thorough disking, and dragging or harrowing immediately before plant-
ing. Disking is a good substitute for plowing if the land is loose and 
mellow and reasonably free from corn stalks and other plant residue. 
Land of this character can be worked into an excellent seedbed by the 
same amount of tillage required after fall or spring plowing. 
Cultivation 
Very little cultivation is required for soybeans planted on a well 
prepared seedbed. The first and frequently the most beneficial cultiva-
tion may be required on heavy clay land before the young beans have 
broken through the soil crust that forms where a rain follows planting. 
The rotary hoe is best for this purpose, although the spike-tooth harrow 
is satisfactory. Whether the beans are planted in rows or drilled solid, 
these implements can also be used very effectively in cultivating the 
crop until the plants are four or five inches tall. The number of such 
cultivations will vary, but usually two are sufficient. Where the crop 
is planted in rows, and after the plants are too large to permit the use 
of a rotary hoe or harrow, two or three shallow, level cultivations should 
be given at intervals of eight or ten days with an ordinary cultivator 
equipped with sweeps. 
Planting 
If the land is reasonably free from weed seed, drilling is preferable 
for the production of either a hay or seed crop. In a test of seeding 
methods conducted at Elsberry in 1931 and 1932, soybeans drilled solid 
produced an average of 29.1 bushels of seed and 2.95 tons of hay to the 
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acre, as compared to an average yield of 24.2 bushels and 2.68 tons of 
hay where the crop was grown in rows 40 inches apart. Planting in 
rows to permit thorough cultivation is advisable on land heavily in-
fested with morning glory, cotton weeds, and other rank growing weeds 
commonly found on bottom land. However, soybeans can be satis-
factorily produced on foul land by drilling, if the seedbed is so prepared 
that two or three crops of weeds are killed before the beans are planted, 
and if planting is delayed until after the first of June. 
A larger quantity of soybean seed should be sown to the acre on 
heavy clay soil than on ordinary upland. The rate will vary according 
to the variety planted, method of seeding, and purpose for which the 
crop is grown. The minimum rate of planting under the most favorable 
soil condition~ is 75 to 90 pounds of good seed to the acre for drilling 
solid, and 25 to 30 pounds for seeding in rows. The rate for large-seeded 
varieties is somewhat higher than for small. If Laredo, which has a very 
small seed, is being planted, the rate should be 25 to 30 per cent less 
than the rates indicated above. A slightly heavier rate of seeding is 
necessary for the production of the best quality of hay than is required 
for a maximum yield of seed. 
An advantage of soybeans on heavy, poorly drained bottom lands 
is in the fact that the crop can be planted over a wide range of the sea-
son extending from May 15 to July 1, though the best period for plant-
ing is in the first half of June. Virginia or Wilson planted for hay or 
Manchu and IIIini planted for seed within this period, will mature early 
enough to be removed from the land for the fall seeding of small grain. 
Inoculation 
Thorough inoculation is essential if the full benefit of growing a 
crop of soybeans is to be realized . The soybean, being a legume, re-
ceives a large part of its nitrogen from the air through the aid of bac-
teria living on the roots, provided these nitrogen gathering organisms 
are present; otherwise the crop draws all of its nitrogen from the soil, 
the same as non-legume crops, thus leaving a reduced nitrogen supply 
for the crop that follows. The benefits of inoculation, however, are not 
limited altogether to its influence on the next crop, for an immediate 
benefit is realized in a marked increase in the yield and percentage of 
nitrogen in the bean crop itself. 
For reasons not entirely clear, considerable difficulty was experi-
enced at Elsberry in establishing immediately by inoculation an effect-
ive number of nitrogen bacteria in the soil. Only a few of the plants 
showed the effect of inoculation the first season the crop was grown, 
regardless of the methods used. In subsequent bean crops on the same 
land, however, the plant roots were heavily nodulated. 
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The most practical means of inoculation is the artificial culture. 
This material can be secured from commercial agencies or from the Mis-
souri College of Agriculture, with directions for its use. 
THE RICE CROP 
In Missouri a large proportion of the heavy bottom lands seems 
suitable for rice production. Experimental crops of rice on typical areas 
have produced yields that are not generally excelled in the southern 
rice belt of the United States. The average annual rice crop that Mis-
souri might produce, even in rotation with other crops, on the whole 
Fig. 4. Note the dense mass of grain heads in this typical growth of rice on W'abash 
clay at Elsberry, in the great drought of 1934. The crop represented here yielded 100 bushels 
per acre. 
area of Wabash day and similar soils undoubtedly could reach a very 
large figure. The level of production would be comparatively constant,. 
for rice sufficiently irrigated is not affected by drought. There will be 
occasional years, however, when the crop cannot be sown because of 
extensive rains during the short planting season (April 15 to May 15) 
in this State. 
Commercial production of rice in Missouri has been intermittent 
and on the whole not profitable. The ability of the rice plant to pro-
duce large yields in Missouri was first demonstrated from 1915 to 1919 
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in Stoddard County. During the period 1923 to 1928 rice was grown 
also in the Elsberry drainage district on a scale progressing from a few 
hundred to nearly 20,000 acres. For several years the crop was highly 
successful, but had to be abandoned under falling prices in the earlier 
stages of the depression. Price, however, was not the only cause of this 
failure. High cost of production, decreasing yields, and poor quality 
of the crop were perhaps as effective as low prices in the elimination of 
the crop from this district. They were the joint outcome of (a) costly 
and inefficient irrigation systems, (b) poor drainage, (c) an accumulat-
ed growth of weeds with which the crop could not compete successfully, 
(d) excessive loss of water by seepage, (e) the use of land not well 
suited to the crop, and (f) excessive losses in yield and quality by frost 
and other unfavorable weather. Methods of overcoming in a large 
measure these unfavorable factors in rice culture have resulted from 
the cooperative investigations at Elsberry. They are presented in this 
bulletin. Had this information been available during the period of com-
mercial rice production in Missouri, perhaps the outcome of the enter-
prise would have been different. 
Preparation for Irrigation 
Successful rice culture in Missouri is entirely dependent on arti-
ficial irrigation. Most of the areas suitable for growing the crop lie near 
large streams and are underlain by coarse, water-bearing material. 
From either of these unfailing sources water can be pumped to the 
level of the rice fields. The lift, or height to which the water must be 
raised, will vary in different localities and in different seasons, but it 
will usually range from 20 to 40 feet. The volume of water that must be 
pumped for any given area of rice will vary largely with the season and 
soil. On extremely heavy Wabash clay a continuous application of 12 
to 15 gallons per minute per acre is sufficient to maintain the water level 
during hot dry periods when evaporation is excessive; but on the more 
open soils where considerable water is lost by underdrainage, a greater 
volume must be supplied. To insure an adequate water supply at all 
times it is advisable to install plants capable of delivering more than 
the estimated requirement. 
Land with smooth topography and a gentle slope ranging from 2 
to 6 feet per mile is well suited for the irrigation of rice. With such sur-
face features the land can be prepared for irrigation and drainage at a 
nominal cost. To insure efficiency in the use of water, the supply ditches 
or canals, the drainage ditches, and the levees should be properly lo-
cated. The supply ditch must be built to the highest part of the field. 
It may then be extended along the side of the field so that water can be: 
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Fig. 5. This picture shows the simple means of obtaining water for the irrigation of 
rice at El sberry. The outfi t where:! the man is standing consists of 2 sandpoints driven to a depth 
of 56 feet, a small centrifugal pump, and a 5·hp engine. A flow at the rate of 500 gallons 
per minute could be furnished at a ll times. Water is delivered from the supply pond t o the 
main canal through the gate shown in the r ight foregro u nd. ( See also Figure 6). 
turned on the land at more than one point if desired. The supply ditch 
may also serve as a drainage ditch when needed for this purpose. 
The entire field should be enclosed by strong outside levees at least 
12 feet wide at the base and 12 inches high to prevent loss of water by 
seepage and overflow. Interior field levees are required to hold the 
water at a uniform depth on the land . They should be located on con-
tour lines, one being built for every drop of .2, .3, or .4 of a foot in eleva-
tion. The field is thus divided into a number of sub fields ("checks" or 
"cuts" ) each occupying an area with all points nearly equal in eleva-
tion. The small contour intervals should be used under most conditions, 
although where the land has considerable slope the larger intervals may 
be necessary to prevent crowding the levees. 
The interior levees need not be large but they should be permanent 
and well constructed. Their form may vary but broad levees with 
gradually sloping sides built just high enough to hold the desired depth 
of water are 'usually preferred to the sharp narrow type. Farm machine-
ry will pass over broad levees easily with little or no damage to either, 
and there is practically no seepage through them after they are thor-
oughly settled. 
In surveying for the location of interior levees, the various points 
on a contour are indicated by stakes of convenient length, or the rod-
RESEARCH BULLETIN 254 15 
man may be followed with a plow to mark the location. In the construc-
tion of levees it is sometimes advisable to follow the general course of 
the contour, missing some of the points a few yards in order to avoid 
sharp turns, for such turns add to the cost of construction and main-
tenance and interfere with the use of farm machinery. 
Levees should be built several months in advance of irrigation to 
allow sufficient time for them to become firm. When constructed just 
before water is applied there is likely to be excessive loss by seepage. 
To allow for settling, the initial height should be 10 to 40 per cent or 
more in excess of the actual requirements. The amount of settling will 
depend largely on the condition of the soil, the maximum occurring 
when a mass of hard dry clods is pushed together to form a levee. There 
is very little shrinkage in height if the soil is in such condition that it 
is thoroughly packed by the tractor wheels. 
Various types of implements may be used in constructing levees. 
The work can be done effectively with a 2-bottom or 3-bottom plow, 
a large size ditcher, scrapers, and a heavy farm tractor. A large road 
grader can be used to advantage in building the outside levees and cut-
ting drainage ditches. Where the soil is in a good state of cultivation 
the levees can be built quickly and at a cost not to exceed $1.50 an acre 
unless the land is unusually rough or sloping. 
The procedure in construction will be governed somewhat by soil 
conditions and the type of implements used. Usually, however, it will 
consist of first plowing two or three rounds, turning the soil toward 
the center of the levee. The soil is then worked to the top and sides 
with a ditcher, additional furrows being plowed to provide loose soil 
when needed, until enough soil has been moved to form a levee of the 
desired size, shape, and height. 
An outside levee can be made to serve as one bank of an irrigation 
canal, but it is necessary to raise the crown with scrapers. The use of 
scrapers is also required in connecting the field levees to the outside 
levees, for it is impossible to make these connections with a plow and 
ditcher owing to the lack of space for turning. 
Leveling land for rice, other than that which may be accomplished 
with a plow, drag, or other implements when preparing the seedbed, is 
not to be generally recommended. Some benefits may be gained by re-
moving soil from high spots to fill in low places, but land that requires 
very much of this type of leveling is not well suited to rice culture. 
Irrigation Practices 
The methods used in growing rice are essentially the same as for 
other small grain crops, except that the land on which rice is grown 
must be submerged for long periods. The land should be completely 
subrnerged throughout the irrigation season which should usually begin 
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Fig. 6. W ater fl owi ng through t he supply gate and into the main canal is diverted 
into la ter al canals , such as that shown at the top of the picture. (See a l." Figure 7). 
in Missouri between June 5 and 15 and continue until near the middle 
of September. In dry spring seasons, such as 1930, 1934, and 1936, a 
light irrigation is required to supply moisture for germination. The 
growing season for rice in Missouri is comparatively short and no time 
should be lost by allowing the ungerminated seed to lie in dry ground, 
but the land should be irrigated promptly. In irrigating to hasten 
germination, the water should be applied quickly and the field thorough-
ly drained just as soon as the surface soil is saturated. Each sub field, 
beginning with the one on the highest part of the field, should be sub-
merged and drained in ' rapid succession. Where this plan is followed, 
less time and less water is needed than would otherwise be required to 
complete the job. Prompt and thorough drainage is necessary at this 
time to prevent rotting of the seed. Submerged rice seeds lying on the 
surface of the soil germinate satisfactorily under favorable temperatures 
and produce normal plants. But if the seeds are covered with soil and 
the land is submerged for a long period, most of the seed will rot, and 
though some may germinate the stand will be thin and the plants 
poorly developed. Two to three days is about the maximum time that 
should be permitted to elapse between irrigating and draining the land 
to hasten germination. Fortunately good stands of rice can usually be 
obtained in Missouri without irrigation if the seedbed is properly pre-
pared and the seed drilled to a uniform depth of approximately 2 inches. 
A corrugated roller run over the land immediately after drilling will 
aid in conserving moisture for germination. 
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Fig. 7.-Water is turned on the rice field u sually when the young plants are 5 to 6 
inches tall, though sometimes in dry seasons the field is irrigated earlier to hasten the ge rmin· 
ation of th e seed . (See Figure 8). 
One or more wooden gates may be installed in each field levee 
to permit water to flow from higher to lower subfields. These . gates 
consist essentially of a floor and vertical sides with stops to hold a 
sliding shutter vertically across the opening. By using narrow boards 
for shutters the flow of water can be so adjusted that the gates will 
require very little attention throughout the irrigation season. The 
gates should be placed deep in the levee with the floor well below the 
level of the land so as not to interfere with drainage. 
The period of permanent irrigation may begin shortly after the 
crop has come up to a good stand. The small plants, particularly on 
low spots, are easily injured by an excessive depth of water in the 
early stages. For this reason it is advisable first to submerge the sub-
fields to a depth of only two to three inches. This depth should be 
increased, as rapidly as plant growth will permit, until the desired 
depth is reached. 
Time and depth of submergence are important factors in irriga-
tion, for they have a direct influence on yield, quality of the crop, 
control of weeds, and the volume of water required. Experiments were 
conducted at Elsberry to learn the best depth of submergence and the 
time that should elapse between emergence of the plants and sub-
mergence of the land. 
A series of 1/ 15 acre plots, each enclosed by levees, and with 
provisions for irrigating and draining each plot separately, was used 
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Figure S. Rice is irrigated all season until the crop is nearly ripe, when the water is 
drained off to allow the ground to harden for the u se of harvestin g machinery. This field made 
90 bushels per acre in the great drought of 1934. 
in these experiments. The various treatments were made in triplicate 
in 1930 and 1931 and in duplicate the remaining three years. During 
the first three seasons the plots were cropped continuously with rice, 
resulting in very low yields by 1932. The cropping system was then 
changed to a two-year rotation of rice and soybeans. The benefits 
of the change were reflected in the marked improvement of yields in 
1933 and 1934, but three successive crops of rice on the same land 
had caused a heavy infestation of nut grass and barnyard grass that 
continued to reduce the yields 25 to 30 per cent. The results from the 
date of submergence test are recorded in Table 2. 
TABLE 2. ANNUAL AND AVERAGE YIELDS OF RICE OBTAINED IN DATE OF SUB-
MERGENCE EXPERIMENTS. 
Time of submergence 
1930 
15 days after cmergence_ ______ ___ ______ __ 94. 7 
30 days after emergence _____ _____________ 98.4 
45 days afte r emergence ____ _____________ _ 95 . 2 
193 1 
81.6 
75.5 
68.2 
Bushels per Acre 
1932 1933 
12.7 81. 4 
7.0 74.2 
6.6 69 . 8 
19H 
61.0 
56.4 
45. 1 
Average 
66. 3 
62.3 
57 .0 
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Although the annual results were not wholly consistent through-
out the 5-year period, the highest average yield was produced on land 
submerged 15 days after plant emergence. In comparison with the 
average yield from the latest date of emergence, the advantage from 
submerging 15 to 30 days after emergence of the plants amounted to 
9.3 and 5.2 bushels respectively. No doubt the margin of yield in favor 
of early and medium early submergence (15 and 30 days) after emer-
gence would have been far greater if the plots submerged late had not 
received the benefits of seepage water. 
Early submergence was slightly more effective, on an average, in 
the control of weeds than was submerging on the next later date. 
This fact alone may account largely for the small difference in yields 
from the two treatments. Where other more dependable methods of 
weed control are employed, including frequent use of soybeans and 
other "clean up crops" in the rotation, submerging can probably be 
delayed 20 or 30 days after plant emergence with little or no loss in 
yield except in very dry seasons when it may be necessary to supply 
moisture for growth. 
Results of the depth of submergence experiments are shown in 
Table 3. 
TABLE 3. FIVE-YEAR ANNUAL AND AVERAGE YIELDS OF RICE OBTAINED IN 
DEPTH OF SUBMERGENCE EXPERIMENTS. 
Bus hels pcr Ac re 
D e p th of submerge nce 
1930 1931 1932 1933 1934 Average 
2 inch es __________________ _____ . _____ . __ 97.3 M .6 32.0 75 .6 71.7 68 . 2 
4 inch es ___ . _____ . ________ ____ _ . _____ _ __ 98 .1 61. 6 37. 1 70. 9 79 .1 69 .4 6 inches . __________________ __________ . __ 94.2 62 .9 35 .0 74 .5 83 .6 70 .0 8 inches. _________________ _ . _____ . ______ 93.8 64. 9 44.2 73 .6 82. 3 71. 8 
The lowest average yield was produced on land submerged 2 
inches. With each successive 2-inch increase in depth there was an 
increase in average yield. But the average increases were much too 
small to be significant; moreover they probably did not pay the cost 
of the extra water required to produce them. 
The highest annual yields were obtained from the 2-inch sub-
mergence in 1933, the 4-inch in 1930, the 6-inch in 1934, and from the 
8-inch in 1931 and 1932. In 1931 the difference in yield from land 
submerged 2 inches and 8 inches amounted to only .3 of a bushel. Over 
the whole 5-year period, the 8-inch submergence exceeded the 2-inch 
in average yield by only 3.6 bushels per acre. Apparently, therefore, 
within a rather broad range, depth of submergence is not an important 
factor in determining rice yields under Missouri conditions; but the 
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field should be completely submerged at all times after the seedlings 
are well established. A submergence of 8 inches is about the maximum 
that is ever necessary if the field levees are properly located. A depth 
of water greatly in excess of 8 inches may actually cause losses. Under 
average field conditions it will be necessary to maintain five to seven 
inches of water over most of the field in order to submerge the high 
spots. Rice grown on land not submerged, although the soil may be 
saturated with rain or irrigation water at all times, matures late and 
produces low yields of poor quality. 
Drainage 
Good surface drainage is almost as important in nee production 
as in corn production, and for a limited time in the spring and fall 
it may be even more important. It is difficult to prepare a good seed-
bed on poorly drained land until long after the optimum date of 
planting has passed, and practically impossible to drain such a field 
in the fall when the crop is nearing maturity. Weeds are difficult to 
control under conditions of poor drainage. Poorly drained fields are 
expensive to prepare for seeding. They are also expensive to harvest, 
and there may be losses from shattering and weathering as a result 
of long delays in harvesting and threshing. 
To meet the requirements for surface drainage all low places in 
the field should be provided with outlets to the main drainage ditches, 
which should be large enough to carry the water away as rapidly as it 
flows from the field. During the winter and early spring all drainage 
courses should be left open so that water from melting snow and rain 
will drain off rapidly. Good drainage at this time of the year helps 
prevent water-logging; aids in aeration of the soil, which is very bene-
ficial to rice land; and makes possible a more thorough and timely 
preparation of the land for planting. 
In draining the land for harvesting, the water should be turned 
off the field early enough to allow the ground to dry and crust so that 
it will support the weight of a binder by the time the crop is mature. 
If the land is drained too early, the yield and quality of the crop win 
be lowered; if drained too late the land will not dry sufficiently for 
harvesting before the crop is over-ripe. A crop of rice is usually ready 
to be drained when the kernels in the lower part of the head are in 
the early dough stage. At this time the kernels in the upper part are 
becoming flinty and the hulls are turning yellow. But the character 
of the soil and the efficiency of the drainage facilities for taking off the 
water should also be considered in deciding when to drain. Where the 
water can be disposed of promptly, drainage may be delayed several 
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days longer than would be advisable under conditions of poor drainage. 
Some soils dry and form a hard crust after drainage much more quickly 
than others. Obviously the water should be drained earlier from soils 
that dry and crust slowly than from soils that dry quickly. 
Rice Varieties 
Numerous varieties of rice are grown commercially in the United 
States. They vary in their adaptations to different soils and climatic 
conditions, in earliness, in resistance to diseases and lodging, in quality, 
and finally in their capacity to yield. To find the kinds of rice best 
adapted to Missouri a variety and strain test has been conducted at 
Elsberry during the past seven years. Thirty-two of the most promis-
ing varieties and strains have been included in the tests one or more 
seasons. A majority was found unadapted, mainly because of lateripen-
ing, and was eliminated from the test after the first or second year. 
These tests were conducted on land cropped to rice one year and 
drilled thick in soybeans the next. The seedbed was prepared either by 
fall plowing or simply by double disking the bean stubble land. The 
latter method was less expensive and generally more satisfactory than 
plowing. 
Except in 1933 when planting was delayed until the first of June 
by heavy rains throughout the early part of the season, the varieties 
were sown during the last half of April or the first of May. Each 
variety was planted in drill-width plots 5 1/3 feet wide and 132 feet 
long, in three to five series. All were planted at a uniform rate of 
approximately 100 pounds of seed to the acre each season. The land 
was so leveed as to insure uniformity in depth of irrigation. A two or 
three inch irrigation was given 15 to 30 days after plant emergence. 
The water was gradually increased to 5 or 6 inches and maintained 
at that depth during the remainder of the irrigation period, except for 
a brief period late in June or early July when the land was drained 
for a short period to kill the larvae of rice weevils. 
The annual and average yields of each variety grown three years 
or more during the 6-crop period, 1930-1936 inclusive, are given in 
Table 4. In addition to yields, the approximate number of days from 
the time of emergence of the plants to their maturity is given for each 
variety. Three types of rice classified according to kernel shape are 
represented in the list. Lady Wright is a long-grain type; early Blue 
Rose a medium-grain type; but all other varieties and strains are of 
the short-grain type. A fourth class, the long, slender-grain type was 
not included. 
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TABLE 4. YIELDS OF RICE VARIETIES AND STRAINS AT ELSBERRY, 1930 TO 1936 
INCLUSIVE. 
Bus hels per Acre Ave rage 
Variety Yields No. da ys 
1930 1931 1932 1933 19H 1936 in yrs . to 
tested ripen 
Lady WrighL . .......•..• . _. 100. 6 118.4 46.2 83.6 65 . 4 78.5 82 . 1 129 
Colusa (1600) .. . •...• ..•... . 90.9 132 . 1 6· .. 6 107 .3 67.0 93.2 92 .5 127 
Ea rly Blue Rose •.. _ ••. ...• .. 54.1 77.3 57 .7 ii i ~5 63.0 130 Caloro ..............•..... . H2.3 50.2 96 .0 65 .9 95.2 140 
Chinese Originario ___________ 113 .5 121. 7 59 .8 101.6 70.! 95.5 93.7 127 
Hattan (C. N. 511) ...•... .. • 93.7 126. 8 63.2 100.6 66.2 98 . 2 91.4 125 
Sel. No. 289 .. . ..... .. ... ..• 106.2 127.7 65.6 100.7 70.6 101.6 95.4 128 
Sel. No. 175 ...........• ... . 100.2 128. 8 51.3 97.S 44.1 115. 7 89.6 1!0 
Sel. No. 176 .. . . .•.•..... • . . 11 5.2 lU.7 62.3 93.6 60.7 '98 ~i 91. 3 136 Calorox Colusa, Sel. PlantI2 ..• 124.2 129 . 5 62.7 102.9 77.! 99 .1 126 
Moriwas. (C.!, 5698) ..... • .. 96.9 112 .8 6:1.3 88.2 52.6 90.0 83.5 124 
Niro Via lone x Caloro Sel. 22 1· 
.'1.·165·8 ........•.. ••.. .• 1O!.3 138.5 62.4 105.6 73.0 100.4 97 .4 11 9 
Early 1600 ............ • . ••. . 105.9 107.! 37.6 * 41.2 73.0 106 Zenit h (Ark. 141·S) ...... .. . . 69.3 130 
*Des troyed by muskra.ts 
The first four varieties listed in the table are the only ones 
grown on a commercial scale in the United States. Lady Wright, 
Colusa (1600), and Early Blue Rose require approximately 130 days 
to mature from the time of emergence, and if planted by May 15 will 
ripen without danger of frost damage. Caloro, although capable of 
producing remarkably high yields of good quality in exceptionally long 
warm growing seasons is too late in maturity for the production of a 
good quality of grain during the average season in Missouri. Further-
more, the lateness of this variety has the disadvantage of bringing 
harvesting and threshing at a period of unfavorable weather conditions . 
. The annual yields of Lady Wright and Early Blue Rose shown in 
Table 4 indicate that these varieties are about equally productive 
under Missouri conditions. Early Blue Rose, however, shows a pro-
nounced tendency to lodge on rich land and for this reason would 
probably be found inferior to Lady Wright on most of the heavy 
bottom lands in the State. Colusa (1600), a short-grained variety, 
out-yielded Lady Wright and Early Blue Rose by a substantial margin. 
In addition to Colusa (1600) there were several other short-grain 
varieties and strains tested that produced high yields on the average 
and were apparently desirable in other respects. This group includes 
Hattan, Selection No. 289, and 221a 165-8. The latter strain 
ranked second in average acre yield in the tests, and matured 5 to 7 
days ahead of all varieties and strains except Early 1600, a compara-
tively low yielding, early maturing type. 
Seedbed Preparation 
The seedbed for rice should be loose and finely pulverized on the 
surface, firm underneath and free from weeds and grass. In favorable 
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seasons land can be put in this condition either by fall or spring 
plowing. Where spring plowing is practiced it must be done at least 
a month in advance of planting to allow time for the clods to slack 
and settle into a firm finely divided state. The final step in the prep-
aration of plowed land should be one or more thorough diskings and 
harrowing or dragging immediately before planting to kill weeds and 
make the surface smooth and mellow. 
Another good method of preparing a seedbed for rice includes the 
production of the crop in a rotation where rice follows soybeans. If 
the soybean stubble land is left undisturbed until nearly time to sow 
rice it can be brought into excellent condition for seeding with about 
the same amount of disking and harrowing required on plowed land, 
thus eliminating the plowing which is a costly operation on tough 
gumbo soils. 
Thorough preparation of the land for planting will greatly reduce 
the amount of weed growth in the crop, thereby increasing the yield. 
Irrigation can be delayed longer where the crop is free of weeds, result-
ing in lower irrigation costs. Thus the cost of producing the crop is 
lowered and the yields increased by giving proper attention to the 
preparation of the land. 
Methods of Seeding 
Rice may be sown with an ordinary grain drill, or it may be sown 
broadcast with an end-gate seeder. Seed sown by the latter method 
should be covered by light double disking and harrowing. Of the two 
methods, drilling is generally to be preferred. The seed can be more 
evenly distributed on the land and can be planted to a uniform depth 
if the seedbed is in good tilth. Broadcasting is a quick inexpensive 
method, but the seeding will lack uniformity, both as to depth and 
distribution of the seed. Where the crop is drilled less seed is required 
and as a rule a good uniform stand will be obtained more quickly than 
from broadcasting. 
Depth of Seeding 
No experiments were conducted at Elsberry to determine the 
relation between depth of planting and yield, but it was observed in 
other experimental plantings that the best stands were obtained under 
ordinary conditions by planting 1 Yz to 2 inches deep. There are, how-
ever, at least three considerations that should influence the depth of 
planting rice. (1) The most favorable depth will vary with the char-
acter of the soil, being very shallow for heavy, poorly drained soils and 
,comparatively deep for lighter, well drained soils. (2) Rice seed sown 
,deep early in the season when the soil is cold and wet beneath the sur-
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face is more likely to rot than if sown shallow. (3) On a well prepared 
seedbed with sufficient moisture for germination the seed should be sown 
deeper than on a dry rough seedbed that will require additional 
moisture, either by rain or irrigation, to germinate the seed. Under 
the latter condition the water will slack the clods and cover some of 
the seed too deep for the plants to emerge. 
Date and Rate of Seeding 
The growing season in Missouri is comparatively short for all com-
mercial varieties of rice now available. It is important to know not only 
the optimum date of planting but also the complete range of planting 
dates that offer prospects of profitable yields. Information on the re-
sponse of different varieties of rice planted at various rates at intervals 
throughout the seeding period is likewise important. To secure informa-
tion on these phases of rice culture, a combined rate and date of plant-
ing experiment has been conducted annually since 1930. The original 
plan of the experiment called for planting two varieties at the rates of 
60, 80, 100, 120, and 140 pounds to the acre on April 15, May 1, and 
May 15, in triplicate drill-width plots. Lady Wright was used as a 
representative of the long grain type; Caloro was used the first three 
years to represent the short grain type, but in 1933 was replaced by 
Colusa 1600. The tests were made on land cropped alternately to rice 
and soybeans and usually prepared by double disking and harrowing, 
though in a few cases it was fall plowed. Unfavorable weather and soil 
conditions made planting impracticable on May 1 in 1930 and 1933 and 
on May 15 in 1933 and 1934. The lapd intended for the May 15 plant-
mgs was used for planting on June l. 
The results have been summarized and arranged in Table 5 to show 
the effect of time of planting on yield, the average of the five rates of 
planting of a variety on any given date being taken as the measure of 
yield of the variety for that date. Since four of the dates of planting 
were missed, the average yield from each date is not alone a reliable 
basis for comparison, although this average is indicated in the table. 
However, the following significant facts may be read from the columns 
of annual yields. 
(1) In the three years that May 1 plantings were included the 
yield of both the short and long grain types was consistently higher by 
a wide margin than were the yields from earlier or later dates. 
(2) For the three years in which April 15 and May 15 plantings 
were made, yields from the April 15 planting were on an average far 
superior to those of the May 15 plantings. Caloro failed to mature when 
sown May 15 on 1932. 
RESEARCH BULLETIN 254 25 
TABLE 5.-BuSHELS OF RICE PER ACRE OBTAINED IN THE DATE OF PLANTING 
EXPERIMJ;:NTS. 
Annual 
Date of Planting Rice Type Average 
1930 1931 1932 1933 1934 
April 15 _____________ Short grain* ____ 101.3 120.7 37 .9 96. 1 58.7 82.9 
Long graint _____ 79.8 103.6 32.8 75.9 52.6 68.9 
May L _____________ Short grain _____ 139.4 65.5 84.3 96.4 
Long grain. ____ 121.5 52.5 72 . 1 82.0 
May 15 _____________ Short grain . ____ 90.4 72.5 x 54.3 
, Long grain. ____ 70.8 77.6 41.2 63.2 
June L _____________ Short grain _____ 78.3 x 39.1 
Long grain . ____ 74.9 x 37.4 
*Caloro used in 1930, '31, '32; Colusa 1600 in 1933 and '34. 
tLady Wright. 
x Killed in dough stage by frost. 
xKilled in dough stage by frost. 
(3) Yields from the two June 1 plantings were sharply lower on 
an average than from earlier plantings. Favored by exceptionally warm 
weather in the fall of 1933 good yields were produced by the June 1 
planting, but the crop sown on the corresponding date in 1934 failed to 
mature. 
Weather and soil conditions are seldom favorable for planting rice 
in Missouri before April 15. Frequent periods of cool rainy weather and 
much cloudiness that usually characterize early April make it impossi-
ble to prepare a good seedbed so early in most seasons. Temperatures 
are too low for rapid germination and where the seed lie in moist soil 
very long without sufficient warmth to start germination many of them 
will rot, resulting in unsatisfactory stands. Rice planted on or shortly 
after April 15 germinates slowly, requiring as a rule 18 to 20 days to 
produce a stand. There is little danger of the seed rotting, but the crop 
may be subjected to severe competition with weeds, especially on land 
badly infested with barnyard grass, smartweed and nut grass, or other 
rice-field weeds. The seeds of most of these weeds germinate with or 
shortly before the rice in these early plantings, and will in extreme cases 
practically smother out the rice crop. But, if the land is reasonably 
free of the worst rice-field weeds, there are certain distinct advantages 
of planting on April 15 or as soon thereafter as weather and soil condi-
tions will permit. The insurance against ruinous delays in planting that 
might be caused by long periods of rainy weather later in the season 
is a point in favor of early planting that is not to be overlooked. Furth-
ermore, early sown rice is usually of better quality than late sown rice 
and can be harvested and threshed with less danger of loss from fall 
rams. 
Thorough disking and harrowing of the land in the preparation of 
the seedbed for late April and early May plantings will control or great-
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ly reduce the number of weeds that are at times so destructive to a rice 
crop sown earlier. Temperatures by the first of May are usually favor-
able for prompt germination. The young plants make a fairly rapid 
growth and are large enough so that the land can be submerged before 
a heavy weed growth appears. There is ample time remaining in the 
growing season for the best adapted varieties of rice planted early in 
May to produce a maximum yield of fully matured grain. On the whole 
there is little doubt that in most seasons better results will be obtained 
from planting at this period than from planting earlier or later. 
Fairly good yields can be expected from planting as late as May 
15 or possibly May 20, but the grain will usually be inferior in quality. 
Planting after May 20 is particularly hazardous except where an ex-
tremely early type of rice is grown, such as Early 1600, that requires 
only about 110 days to mature. 
In Table 6 the data from the combined rate and date of seeding 
test are arranged to show at a glance the effect of varying the rate of 
seeding on yield. 
TABLE 6.-AvERAGE BUSHELS OF RICE PER ACRE FROM DRILLING AT FIVE DIF-
FERENT RATES ON FOUR DIFFERENT DATES. 
R3te of April IS M3Y 1 
Rice Type seeding 5-year 3-year 
lbs. average average 
ShOft grain* ____________________ 60 77.4 93.2 
Short grain. ____________________ 80 80.8 93.9 
Short grain. ____________________ 100 84.9 96.4 Short grain. __ __________________ 120 86.5 99 . 8 Short grain. _____ . ______________ 140 85.2 98 . 7 
Long graint ____________________ 60 63.6 79.0 Long grain ____________ __________ 80 65.9 78 . 5 
Long grain. ___ ______ _ . __ ________ 100 68.9 84.8 
Long grain. ____ . ___ . ____________ 120 73.4 82.9 Long grain ______________________ 140 72 .9 85.1 
*Caloro used in 1930, '31 and '32; Colusa 1600 used in 1933 and 1934. 
tLady Wright. 
May IS 
3-year 
average 
50.8 
51.5 
52.7 
58.5 
57.4 
56 . 8 
61.9 
64.8 
66.1 
66.4 
June 1 
2-year 
average 
32.7 
34.6 
41.1 
43 . 1 
44 .2 
33.3 
34.5 
37 .2 
42.5 
39.7 
The results were not consistent from year to year, but when the 
average yields for each date and rate are considered it will be observed 
that the lowest yields were produced by the 60-pound rate in nearly 
every case. With each successive increase in the rate up to 120 pounds 
there was an increase in average acre yield, except in the May 1st plant-
ings of Lady Wright in which the 80-pound rate was exceeded in yield 
by the 60-pound rate and the 120-pound rate by the lOO-pound rate. 
With the short grain varieties slightly better results were obtained 
on the whole from the 120-pound rate than from the 140-pound rate. 
In case of the long grain type (Lady Wright) there appears to be no 
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consistent advantage of one of these two rates over the other. Summar-
ized briefly, these results indicate that 120-pounds to the acre is approxi-
mately the optimum rate of seeding throughout the entire period during 
which rice may be successfully sown. 
Harvesting 
Rice is cut and bound in the same manner as other small grain 
crops. Ordinary grain binders drawn either by tractors or horses can be 
used in harvesting the crop. Special rice binders, however, drawn by 
tractors and operated with a power take-off attachment will be found 
more satisfactory than the ordinary binder under practically all harvest-
ing conditions. These machines are more durable than the ordinary type 
and meet less trouble on wet ground. 
Fig. 9.-The picture shows enlarged views of the threshed grain and hull ed 
grain of four types of rice. From left to right the types are Caloro. short grain; 
B1ue Rose. medium grain; Fortuna, long grain j and Rexora, long slender grain. 
(Courtesy U. S. Department of Agriculture.) 
Rice should be harvested promptly after the kernels in the lower 
part of the head have passed into the hard dough stage. If harvested 
earlier or later the quality of the grain may be lowered. In the later 
cuttings there will also be losses from shattering for over-ripe rice may 
shatter a good deal in shocking and hauling. 
Rice should be shocked in the same manner as wheat. Special care 
should be taken to build strong, well formed shocks properly capped, so 
that a maximum of both grain and straw will be protected from the 
weather. Rice straw in Missouri ranks high in value among the rough 
feeds of this class, comparing favorably with choice oat straw. Ten or 
twelve bundles may be placed in a shock, although if the bundles are 
large and the straw unusually green not more than eight bundles should 
be used. 
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An ordinary grain separator is well suited to threshing rice. It may 
require careful adjustment, however, to prevent cracking and hulling 
the kernels. The principal cause of this damage is the high speed of the 
cylinder, but some of the kernels are actually crushed between the 
cylinder teeth and the con caves. The damage from excessive speed is 
easily eliminated by slowing down the speed at the power source, or 
preferably by increasing the size of both cylinder pulleys, especially if 
it is found necessary to run the machine much slower than the normal 
operating speed. Damage from crushing the kernels is eliminated by 
proper alignment of the cylinder and concave teeth. The cylinder teeth 
should pass between the concave teeth with equal clearance on both 
sides. If the crop is thoroughly dry some of the con caves may be re-
moved. 
Fully two weeks of drying and curing in the shock is required to 
condition rice properly for threshing. No attempt should be made to 
thresh the crop until it is thoroughly cured; or if it is wet with dew or 
rain some of the heads will pass through the machine unthreshed, result-
ing in a loss of grain. Also there is danger of further loss from heating 
if the moist grain is stored in bulk or in sacks. 
Rice in Crop! Rotations 
Rice in Missouri should be grown in rotation with other crops. 
Land cropped continuously to rice soon becomes badly infested with 
nut grass, barnyard grass, foxtail, smart weeds, sedges, and a variety 
of other aquatic and semi-aquatic weeds that sharply reduce the rice 
yield. There are doubtless other causes of low yields on land cropped 
continuously for the plants fail to produce normally in spots where no 
weeds are present. 
Table 7 shows the yields of rice produced on land cropped con-
tinuously with rice, alternately with rice and soybeans, and with four-
TABLE 7.-YIELDS OF RICE IN CROP ROTATIONS" 
Bushels per Acre 
Average 
Rotation 
for yrs. 
crop was 
1930 1931 1932 1933 1934 1936 planted 
Continuous rice _________________ 98.4 71.4 45 .0 167~3 67.2 10.0 58.5 Rice, soybeans ___ _________ ______ 90 . 9 132.1 64.6 67.0 93.2 92.5 
Rice, corn, wheat (clover), corn. __ 101.3 101. 7 107.0 85 . 0 88.4 72.1 92.6 
Rice, corn, wheat (clover), soy-beans. ____________________ __ 101. 3 101 . 7 110.4 98.7 109.4 74.6 99 .3 
Rice, soybeans, wheat (clover) , 
soybeans. ___________________ 101. 3 101.7 121. 2 97.(, 107.5 80 . 1 101.6 
Rice, soybeans, wheat (clover) corn 101. 3 10 I. 7 105.5 84.3 97.4 80 . 3 95.1 
*In 1935 continuous rains throughout the limited rice planting season prevented the planting of 
rice in these rotations, except on the: c::Intinu:lus rice plot. which failed to mature. 
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year rotations of rice, soybeans, corn, wheat and clover in vanous 
combinations. 
The decline in yield of the land under continuous rice was very 
marked, amounting to 27 bushels the second year and 26.4 bushels 
the third year. By the fourth year (1933) the land had become so badly 
infested with various weeds that it could not be put in suitable condi-
tion for planting rice in season and consequently was planted to soy-
beans late in June. A marked improvement in the yield of rice followed 
in the next season. The crop on the continuously planted plot failed 
to mature in 1935 and was over-run with the usual growth of aquatic 
weeds. In 1936 the yield on this plot was therefore only 10 bushels per 
acre, making an average yield of only 58.5 for the five crops harvested. 
In a two-year rotation of rice and soybeans the six-year average 
yield of Colusa 1600 was 92.5 bushels. During the same period the aver-
age yields in the four-year rotations ranged from 92.6 to 101.6 bushels 
per acre. The following series of three-year rotations have been run 
six seasons: rice, rice, corn; rice, rice, soybeans; rice, rice, fallow. The 
soil proved to be too variable to give reliable data on the merits of these 
three I-year rotations in comparison with one another, but the results 
from all of them clearly indicate that it is not practical as a rule to 
grow two crops of rice on the same land within three years. 
On the basis of these experiments and from general observation it 
is believed the following rotations will be found most efficient: 
(1) Rice, soybeans; rice, oats (alsike clover or lespedeza); rice, 
corn. Of these three the rice-soybean rotation will probably prove most 
satisfactory, for soybeans succeed on old rice land better than other 
crops and in turn leave the land in excellent condition for another crop 
of rice. 
(2) Good three-year rotations are (a) soybeans, corn, rice; (b) 
corn, rice, oats (lespedeza or alsike clover); (c) soybeans, wheat or 
winter barley (lespedeza or alsike clover), rice. 
(3) All of the four-year rotations listed in Table 7 mechanically 
provide excellent soil conditions for rice, but its production on land only 
once in four years necessitates the cost of ditching and leveeing a large 
total of area for a relatively small annual acreage of rice. The three-year 
rotations are objectionable for the same reason but to a lesser degree. 
When all factors are considered it seems doubtful that a more suit-
able rotation will be found for rice farming in Missouri, than a two-year 
rotation of rice and soybeans. Both crops are well adapted to the heavy 
gumbo soils of the State. They produce more abundantly and more 
consistently on land of this character than do any other crops yet tested. 
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Cost of Production 
The cost of growing and handling an acre of rice will vary with the 
soil, season, yield, sources of irrigation water, size of the crop, type of 
pumping equipment used, taxes and interest, upkeep on buildings and 
farm machinery, and the efficiency of the grower. The overhead and 
the operating costs on rice and wheat up to a certain point in the pro-
duction process do not greatly differ. At this point, however, the cost 
of irrigating the rice has to be considered. This cost, together with the 
additional expense of harvesting and handling the mature rice crop, 
constitute about all of the extra items that are not met in growing up-
land wheat or oats. For convenient discussion the cost of irrigation is 
divided into several parts. 
First, the cost of building the levees. This will vary widely with 
the topography of the land and the distance of an outlet for drainage 
ditches. A nearly level tract with just enough slope for drainage will 
require a minimum number of levees and ditches and can be prepared 
for irrigation at a cost not exceeding $1.50 per acre. Land irregular 
in topography and with considerable slope will naturally require more 
levees-since they must be spaced at .2, .3, or .4 foot contour intervals-
and hence a large outlay for levee construction. The initial cost of con-
structing levees and cutting ditches should be divided among a number 
of annual rice crops, but their yearly maintenance cost will range from 
25 to 50 cents per acre. 
A second and by far greater item of cost -in irrigation is in lifting 
the required amount of water to the level of the rice field. This cost 
will vary with the soil, the static lift (height to which the water must 
be raised), the size of crop, the type and efficiency of the pumping 
equipment, and the current price of motor fuel or other sources of power. 
Each of these items should be given careful consideration in planning 
the irrigation plant for they will largely determine the success in deliver-
ing an adequate water supply to the field at a minimum cost. 
The very tight impervious phases of Wabash clay and similar soils 
in Missouri would probably require 10 to 12 gallons of water per acre 
per minute to keep a field sufficiently submerged. Average Wabash 
clay and silty clay would require 15 to 25 gallons, while on the more 
open phases a still larger amount would be needed. 
The static lift will vary from one locality to another, but on most 
of the land in the State suitable for rice the lift will not exceed 30 or 
40 feet as a rule, and in many cases not over 20 or 30 feet . Under aver-
age conditions a well designed irrIgation plant of the proper size will 
supply plenty of water throughout the irrigation season at a cost not to 
exceed $12.00 or $15.00 per acre. This estimate includes the initial cost 
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·of the plant distributed over a period of years, and the annual costs of 
fuel, upkeep and repairs. It is believed by the writer that all of these 
~osts can be reduced very substantially by a skilled grower operating 
on good, well located rice soils of the State. 
A third item of cost in irrigation is that of tending the irrigation 
plant and patrolling the field daily to see that the required amount of 
water is on the land and to repair breaks in the levees. This cost should 
not exceed $2.00 per acre for a crop of 40 acres or more. 
Another cost of growing and handling a crop of rice as compared 
to wheat is the additional expense of harvesting and threshing. In ex-
~eptionally favorable seasons the cost of cutting and shocking rice would 
be about the same as that for a heavy crop of bottomland wheat. In 
rainy seasons when the land does not dry thoroughly between the time 
of turning off the water and harvesting the crop, the cost of harvesting 
rice may be considerably greater than that of harvesting wheat. On the 
average it would amount to about $1.00 more per acre. The cost of 
threshing rice and wheat is about the same per bushel. On the acre 
basis, however, the cost of threshing rice will be much greater since an 
80 to 90 bushel yield can reasonably be expected, whereas 20 to 25 
bushels is about an average yield of wheat on the better bottomlands 
of the State. At 8 cents per bushel for threshing, the cost of an 80-bushel 
rice crop would exceed that of a 20-bushel wheat crop by $4.80, or a 
total increase of $5.80 per acre for harvesting and threshing the rice 
crop. 
Summarized, the operating costs of growing an acre of rice in Mis-
souri, from the preparation of the seedbed to the threshing of the crop, 
and including the annual share of the initial cost of the levees as well 
as the annual levee upkeep, will amount to approximately $33.00. To 
this must be added the overhead cost borne by the rice crop of interest, 
taxes, and the maintenance of buildings and machinery. This latter 
charge because of its wide variation must be figured for individual cases 
but it may reach an approximate average of $4.50. 
From a total cost estimate of $37.50 an acre, some reductions are 
to be made by efficiency in management, economy in equipment, and 
skill in cultural operations. For example, where rice follows soybeans 
in the crop rotation, so that no plowing is required in preparing the 
heavy clay land, a saving of $2.00 to $3.00 in the acre cost of production 
may easily be effected. Likewise there is a substantial reduction in the 
cost of irrigation in seasons when the rainfall is plentiful and well dis-
tributed. And finally the actual cost per bushel may fall to a very low 
figure because of the high yield of the crop. 
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Rice Insects 
Rice is not usually seriously damaged by insects, but certain insects 
may be found in the fields nearly every year, and some of them occasion-
ally cause great losses. The insect that appears to be most destructive 
to rice in Missouri is the rice water weevil (Lissorhoptrus simplex ). 
The larval stage is commonly known as the rice root-maggot. The 
larvae feed on rice roots, cutting them off near the base of the plant. 
In severe attacks the pruning may be so complete that the plants are 
killed or so badly injured that little or no grain is produced. If the 
damage is not too severe the plants will send out new roots and may 
eventually recover almost entirely. 
The adult water weevils pass the winter in dead grass and other 
plant residues. As soon as the rice fields are submerged they may be 
found in the water or on the plants above water. They feed on the 
leaves, cutting out small slender sections but doing little harm. Mating 
and egg laying begin shortly after the adults appear in the submerged 
fields. The eggs are deposited beneath the water and soil surface in the 
roots and there hatch out the larvae, which remain in the root for 
a few days, feeding on the tissue, and then work through the mud from 
one root to another to reach a new supply of food. Several larvae may 
infest a plant. They are easily found by pulling up a plant and washing 
the mud from the roots. The grown larva is a slender white grub about 
1-3 inch long. 
The best method of controlling the rice root maggot is to drain the 
field two or three weeks after water is applied. Let the soil dry until it 
will crumble before water is turned on the field again. Usually 8 to 12 
days is required for the drying period provided there is no rain. Drying 
should not continue longer than is necessary to kill the larvae, otherwise 
the crop may be damaged by the lack of moisture. 
Other insects that may be found in rice fields are grass-hopper, leaf 
hoppers, various sucking insects, caterpillars, and chinch bugs, but the 
injury caused by them is seldom great enough to warrant the use of 
control measures. 
THE WHEAT CROP 
Wheat occupies a very large acreage of Wabash clay soils in Mis-
souri. Their high level of potential fertility provides one of the most 
important conditions for successful. production. The wheat crop, how-
ever, is not generally profitable on this land, except in occasional sea-
sons of mild temperature and moderate and evenly distributed rainfall. 
The heavy clays, because of their extremely fine texture and associated 
properties, have a marked tendency to "heave" and to absorb and hold 
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Fig. 10. Tn 1931 the gumbo soil at Elsberry produced t h is 40-bushel cr op of wheat_ 
The winter had been mild and there was not much loss from wi nter in jury, and the sprin g sea· 
son was favorable for growth and maturity. 
excessive quantities of water. Difficulty in the preparation of the wheat 
seedbed and serious winter injury to the crop are the natural results of 
these conditions_ A heavy reduction in yield is therefore frequent. 
Improving the Seedbed 
The seedbed for wheat on Wabash clay can be greatly improved 
and the whole cost of production decreased, by sowing wheat after soy-
beans. There are no losses here from soil erosion, such as occur on the 
rolling uplands, and the soybean roots loosen the tight heavy soil and 
leave it mellow but firm for wheat. After the soybean crop has been 
harvested, little or no preparation of the ground is necessary for seeding 
the wheat crop. Thus the high cost of plowing and preparing the seed-
bed is eliminated, and the yield is likely to be increased. This practice 
must hereafter be regarded as an essential feature of efficient wheat pro-
duction on the gumbo soil. 
Improving the Drainage 
The injurious effect of standing water can be largely overcome by 
draining the low places with small temporary ditches constructed imme-
diately after the crop is seeded. Pond-like depressions or sloughs, how-
ever, require large permanent ditches for adequate drainage. Or in some 
cases it may be found more practical to drain these areas with tile pro-
vided with surface inlets to permit the water to flow from the land as 
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rapidly as possible. Tile drainage, however, even where the tile was 
close spaced at a shallow depth, has not been found very effective at 
Elsberry as a means of draining the gumbo soil. There were at times 
some indications of better drainage immediately above a tile, but the 
benefits apparently did not extend more than a few feet on either side. 
Back-furrowing the land in broad ridges is a practical means of im-
proving surface drainage on land with a gradual slope, unbroken by 
sloughs, ponds, or natural drainage ways. But on some bottomland 
fields the ridges formed in back furrowing will cut across natural drain-
age courses, causing the water to accumulate and stand, and eventually 
resulting in greater damage to the crop than w~)Uld have occurred had 
the land been cultivated level. 
Varieties of Wheat for Wabash Clay 
To determine the most productive varieties of wheat that can best 
withstand the adverse conditions of drainage on these soils, a variety 
test has been conducted annually at Elsberry since 1930. The tests 
were made in the "wheat stage" of a three-year rotation of corn, soy-
beans and wheat with sweet clover sown on the wheat to be plowed , 
under in the following spring for corn. The soybean stubble land pro-
vided an excellent seedbed ready made for growing the varieties. The 
plantings were in four to five series of plots, each plot being 132 feet 
long. The width of the plots was not always the saine from year to year, 
but the narrowest used in any season were 5 1-3 feet. Thirteen varieties 
and strains have been included. Several of these were soon found un-
adapted to heavy land and were dropped from the test after the first 
year's trial. The annual and average yields of varieties tested each year 
during the seven-year period are given in Table 8. In most years the 
marked deficiencies in precipitation, and the mild winter temperatures, 
were unusually favorable for wheat on this type of soil. The resulting 
average yields have therefore been higher than may be expected from a 
longer and more variable range of seasons. 
Fulcaster, white-chaffed and bearded, and Michigan Wonder, red-
chaffed and smooth, gave respective seven-year average yields of 29.9 
TABLE S.-ANNUAL AND AVERAGE YIELDS OF WHEAT VARIETIES AT ELSBERRY, 
1930 TO 1936. 
Bushels per Acre 
Variety 
1930 1931 1932 1933 1934 1935 1936 Average 
Michigan Wonder. _________ . __________ 16 .6 42.1 20.0 21.5 24.6 23.0 37.5 26.5 Harvest Queen ______ ~ _______________ __ 18. 4 36.8 13.1 15 .9 24.4 10.9 30 .9 21.5 Fulcaster _________________________ __ __ 18.6 39 .4 27.1 18 .6 25.9 26.0 54.1 29.9 Poole __ ______________________________ 15. 9 38.5 11.9 18.0 20.3 17.3 33.8 22.2 May ______________________ ________ ___ 19 . 5 36 .3 9.7 17.4 21. 7 19.4 27.9 21. 7 
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bushels and 26.5 bushels to the acre. Their outstanding performance in 
the 1932 test is worthy of note in view of the fact that the winter of 
1931-32 was in many respects less favorable for wheat than any of the 
other six winter seasons. Weather conditions were generally favorable 
during the early stages of growth. But an unusually warm wet winter 
was followed by a severe freeze in early March that heavily reduced the 
stands. Fulcaster and Michigan Wonder were apparently less damaged 
than other varieties by these adverse conditions. 
Fertilizers for Wheat on Wabash Clay 
Wheat fertilizer tests, planned by the Department of Soils, Missouri 
Agricultural Experiment Station, were conducted in a three-year rota-
tion of corn, soybeans and wheat. Fertilizer was applied annually for 
corn and wheat at the rates shown in Table 9. Lime was applied for 
wheat at the beginning of the trials and again in six years. No direct 
treatments were made for the soybean crop. Sweet clover was sown on 
the limed plots to be turned under the following spring for corn. These 
seedings practically failed the first three years, 1930 to 1932 . In suc-
ceeding years, however, at least moderately good crops of sweet clover 
have been produced. The 1936 crop of wheat was the first to appear on 
plots where a successful crop of clover had been turned into the soil. 
The marked beneficial effect of the treatment on wheat yields for that 
season may be read from Table 9. 
TABLE 9.-BuSHELS OF WHEAT PER ACRE FROM D IFFERENT FERT ILIZER TREAT-
MENTS ON WABASH CLAY. 
Bushels 
increase 
Fertilizer per Acre 1930 1931 1932 1933 1934 1935 1936 Ave. from 
fe rtilizer 
ChecL __ __ ___ ________ _____ _____ 12 .8 22.5 9.6 10 . 1 16.7 15 .8 16.0 14.8 
-i~2 225 Ibs. of 20% superphosphate ___ 15.6 25.3 10.0 15 .2 17.1 17 .5 19.5 17.2 375 Ibs.0-1 2-2. __ ____ _________ __ 14.7 28 . 8 11. 6 14 . 5 24.7 20.5 21.2 19.4 3.4 375 Ibs. 6-12-6 ____ ______________ 17.2 31.0 14.4 18.5 28.7 22.5 29.7 23. I 7.1 Check ___ ____ _______ ____ _____ ___ 12.8 26.9 9.7 12.5 23.5 19. 1 16 .3 17 .3 
2 tons limestone ____________ _____ 13.6 29.6 9.0 13.7 27.1 17.4 24.7 19 .3 2.4 
2 tons limestone, 225 lbs. 20 % su-
perphosphate ___ ___________ __ 14.6 29.2 9.5 14.4 28.7 19.3 28.8 20.6 3 . 7 
2 tons limestone, 375 Ibs. 0-12-12 _ 16.2 31.5 8.3 IS .4 30.0 20.5 28.8 21.5 4.6 Check _______ ________ ___ _____ ___ 13.7 24.7 7.9 12.3 22.5 20 .1 IS . 2 16.6 
The response of wheat to fertilizer has been consistent but small. 
Both potash and nitrogen increased the yield over phosphorus alone. 
The addition of lime to the soil tended also to increase the yield slightly. 
The effect of fertilizer and lime on corn and soybeans was less pro-
nounced than on wheat. 
The response from all treatments has been greatest in favorable 
seasons. However, the increase in yield has not been sufficient to pay 
36 MISSOURI AGRICULTURAL EXPERIMENT STATION 
the cost of the fertilizer in most cases. It is generally assumed that the 
great adsorptive power of heavy clay soils causes a part of the fertilizer 
to be held so firmly that it cannot readily be used by plants. Fertilizer 
applied in excess of the adsorptive capacity of the soil may result in 
larger grain yields, but these may not be worth the total cost of the 
treatment. The effectiveness of lime to improve the tilth of the gumbo 
soil, at the rate applied here, has not yet been established. 
THE WINTER BARLEY CROP 
Winter Barley has been grown experimentally in Missouri during 
the past 15 years and on a rapidly increasing commercial scale since 
1932. It now ranks as a major crop, being widely grown for pasture and 
Fig. 11. Winter barley is a new crop to the heavy clay bottomlands but in the short 
period of its trial there it has seemed highly promising. The picture shows the 1936 growth of 
several varieties, whose acre yields ranged from 55 bushels to 86 bushels. 
grain on practically aq the well drained soil types that are capable of 
producing other standard crops. The merits of winter barley and the 
methods of growing and utilizing it to the best advantage on these soils 
are explained in Bulletin 353 of the Missouri Agricultural Experiment 
Station. Facts pertaining to the adaptation and successful production 
of barley on heavy, poorly drained soils, however, are not equally well 
known, for the results of tests at Elsberry during the past two seasons 
afford the only experimental evidence available on the performance of 
the crop on soils of this character in Missouri. 
The tests of barley were conducted on land that had been cropped 
to a three-year rotation of corn, soybeans, small grain and sweet clov-
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er since 1930. The tract is divided into three ranges so that all crops 
appearing in the rotation could be grown each year. Briefly, the method 
usually employed in growing the various crops has been as follows: 
sweet clover was sown on wheat in late March or early April and the 
land plowed the following spring for corn; corn stalk land was either 
spring disked or plowed for soybeans, and the soybean ground disked 
lightly for small grain, though in some seasons the land was sown to 
grain with no tillage of any kind other than that employed in producing 
the bean crop. 
In the two seasons 1934-35 and 1935-36 when barley was in the 
rotation, Missouri Early Beardless barley, now the leading variety in 
the State, produced an average yield of 50.4 bushels. Corn was a total 
failure. Michigan Wonder wheat produced an average yield of 30.2 
bushels, while the hay yields of soybeans were approximately 1 Yz tons 
per acre. During the entire seven-year period covered by these rota-
tions, the average yield of Reid's Yellow Dent corn was 17.6 bushels, 
there being four consecutive failures beginning in 1933. 
Five varieties of winter barley were grown in the rotations to de-
termine their comparative value for grain production on heavy clay 
soils. The acre yields are given below: 
Bushels per acre Average 
1935 1936 
Missouri Early Beardless 44.9 55.9 50.4 
Kentucky No. 1 75.1 67.7 71.4 
Tenn. No.5 38.0 
Tenn. No.6 45.1 35.9 40.5 
Michigan Winter 86.2 
Three of these varieties, Missouri Early Beardless, and Tennessee 
5 and 6 are hooded. The former is generally more productive on up-
lands than are the Tennessee strains and has the additional advantage 
of maturing 5 to 10 days earlier. Michigan Winter and Kentucky No.1 
are bearded. The latter has been found very productive and winter re-
sistant throughout the State, but its heavy beards are objectionable. 
Kentucky No.1 is 5 to 8 days later than Missouri Early Beardless and 
is therefore more subject to chinch bug and drought damage than the 
Missouri strain. 
Michigan Winter was not included in the test until 1936. It then 
produced a remarkably high yield. In other tests throughout the State 
it has been found inferior to Missouri Early Beardless and Kentucky 
No.1, and it is not yet to be recommended even for heavy clay soils. 
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THE OATS CROP 
Most of the Wabash clay soils in Missouri are naturally capable 
of producing very high yields of oats. But poor drainage and the diffi-
culty of preparing the heavy ground and sowing early have sharply lim-
ited this production. Earliness is an essential condition for successful 
growth here. Late oats are not only checked by hot dry weather, but are 
Fig. 12. The oats crop has given abundant yields on Wabash clay at Elsberry every 
year . The total average of Columbia and Fulghum, the two leading varieties, OVer a six-year 
period has reached 54.5 bushels per ac re. 
further reduced in yield and in quality by the great variety of weeds 
which thrive on the rich bottom lands. Early maturing varieties, and 
management that makes earlier sowing possible, are efficient means of 
utilizing the heavy clay bottom lands in oats production. But even 
these means sometimes fail. If the weather in late winter and early 
spring is abnormally rainy, early sowing will not be possible, regardless 
of the methods employed. The use of the land then had better be post-
poned until soybeans or corn can be planted. 
Preparing the Land 
Methods which involve a minimum of tillage at seeding time should 
be employed in preparing the heavy clay land for oats. Land plowed 
in the fall or early winter and left rough through the winter season can 
be made into an excellent seedbed with very little spring tillage. Alter-
nate freezing and thawing in late February and early March slacks the 
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upper three or four inches of soil into an open friable surface that dries 
thoroughly with only a few days of favorable weather. The seedbed can 
then be prepared by a light harrow, though the soil may be wet and 
sticky only a few inches below the surface. A heavy disk and tractor 
or a tractor-drawn drill should not be used on land in this condition. 
An excellent procedure for bringing the heavy soils into a condition 
suitable for early seeding, without the expense of plowing at all, is to 
grow a crop of soybeans on the field that is to be used for oats the next 
season. The beans should be drilled thick or if planted in rows should 
be cultivated level. The loosening effect of the soybean roots below the 
surface, a clean harvesting of the soybean crop to rid the surface of 
trash, and the absence of cultivated ridges, provide excellent conditions 
for surface drainage and rapid drying of the land in the spring. 
Oats usually can be drilled on soybean ground without further 
preparation of a seedbed, though a light disking may be necessary to 
provide enough loose soil to cover the seed. 
Varieties of Oats 
The supenonty of early maturing oats for Missouri has been 
demonstrated repeatedly in experimental and farm plantings. Earliness 
of the v ariety becomes strictly necessary if the crop is to be grown on 
heavy, poorly drained soils where delay in seeding frequentl y occurs. 
In the variety test at Elsberry, covering the six-year period 1931 to 
1936, Columbia, Fulghum, Burt and Brunker, representing the ea rl y 
group, yielded above all later varieties by a wide margin. Within the 
early group Columbia and Fulghum with six-year average yields of 
54.6 and 54.4 bushels per acre consistently surpassed Burt and Brunker. 
It should be emphasized, however, that Fulghum will not do well from 
late seeding, whereas Columbia will usually produce fairly good yields 
even if sown later than the most favorable early date. And because 
Columbia can be safely planted over a longer period, it will generally be 
found superior to Fulghum on heavy clay soils where unfavorable moist-
ure conditions often make oat seeding impossible until the season is so 
far advanced that Fulghum cannot fully develop its growth before hot 
dry weather. 
CLOVERS AND KOREAN LESPEDEZA 
The production of Korean lespedeza, sweet clover, and the true 
clovers (red and alsike) on Wabash clay soils is more difficult than on 
the deep, well drained loams that occupy a large area of the lowlands. 
They are all affected unfavorably on the clays, but to different degrees, 
by summer drought, weeds, excess soil moisture in seasons of protracted 
rainfall, soil acidity, and a number of other factors described collectively 
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as poor tilth. The immediate need for legumes on these soils already 
high in organic matter and plant food is not so acute as on thin eroded 
uplands. But larger crops of clover and lespedeza economically grown 
and properly utilized \vould increase farm returns through the sale of 
livestock, and at the same time increase the productivity of even the 
heavy bottom land. 
Fig·, 13. Korean It.·~pcll~za thrives nIl every part of the ~H)·acr~ gumbo experiment field 
at Elsht:1TY. The picture shows dense growt h of this legume 011 the rice levees. where it 
natnra ll y reseeds itself Hlld canl{,s C\Oery yea)". ?\ nte that OIl the lower edge of tht: le\'ee the 
Jespedeza is growin,g in the water. 
The turning under of large growths of deep-rooted legumes has been 
advocated as a means of improving the tilth and drainage of Wabash 
clay. Small temporary improvements along these lines would result 
from such practice. But no practical methods are known whereby any 
of the undesirable physical characteristics of Wabash clay in this State 
can be changed permanently. Perhaps they can only be temporarily 
modified at best. The principal benefit of adding legumes to these soils 
seems to be found in their addition of readily available nitrogen. 
Experiments have been conducted at Elsberry since 1930 for a 
study of the adaptation of Korean lespedeza and the clovers to heavy 
Wabash clay. These legumes are sown yearly in wheat during late 
l\1arch or early April in a three-year rotation of corn, soybeans, wheat 
RESEARCH BULLETIN 254 41 
(legumes). A duplicate series of plots is provided. In one series the 
legumes are sown on plots treated annually at . the acre rate of 200 
pounds of 20 per cent superphosphate. Ground limestone was applied 
at the rate of 3 tons to the acre at the beginning of the experiment. In 
the other series the legume seeding is on untreated wheat land. Two 
plots, one in each series, do not receive a legume and are used as checks. 
Means are thus afforded for comparing the different crops on treat-
ed and on untreated land and for measuring their effect on the yields of 
corn, soybeans, and wheat , which follow in the rotation. Corn, however, 
has been found an unsatisfactory measure of the increase in productivity 
of the soil by the legumes for it has failed consistently in the later years 
of this experiment, largely because of drought. 
The effects of the great droughts in 1930, 1934, and 1936 on the 
legumes themselves can be seen in Table 10. There is shown the per-
centage of stand of each crop that survived on the treated and untreated 
land. The initial stands in all cases were excellent. These percentages 
were recorded in the fall when the lespedeza was near maturity and the 
clovers had about reached their maximum growth for the first season. 
TABLE 1O.-PERCENTAGE OF STA N D OF LEGUMES ON FERTILIZED AND UNFERTIL-
IZED LAND AT ELSBERRY, 1930-36 INCLUSIVE. 
So il Tre:t t mcnt 
3 tons li me, 200 Ihs. sup errh nsph.ltr.! No Treatment 
Yea r Korean Rod Al,ike ~wc:c t Korean Red Alsike Sweet 
lo'pod. clover clover clo .. -er Iosped. clover clover clover 
1930 .. .. . 10 0 0 3 \0 0 0 3 
19 31. .... 10 0 0 0 ~ () 0 0 
1932. . . . . 100 (J 100 HO lOll () 100 50 
1933. .... 100 50 ~O 75 lao 35 80 60 
1934 . . . .. 15 0 () .l 15 0 a 3 
1935 .. . . . IDa 90 100 \UO 100 65 100 80 
I ()36 . . . .. 0 0 0 0 0 0 0 0 
In each of the drought years all plantings were practically a total 
failure, though in 1930 and 1934 a trace of sweet clover plants survived 
and enough lespedeza plants to reseed the land the following spring. 
Red clover was the first of the legumes to wither under the influence of 
heat and drought, followed in order by alsike, sweet clover and lespe-
deza. The failure in 1931 was due to a short period of hot sunny weather 
following the harvest of a dense, rank growth of a late variety of wheat 
that produced at the rate of 40 bushels to the acre. 
In years when spring and early summer rainfall was normal or 
above and the nurse crop of wheat was of average growth, a marked 
improvement in stands and growth of the legume crop as a whole was 
noted. Red clover failed completely in 1932, however, while excellent 
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stands of alsike and lespedeza and partial stands of sweet clover sur-
vived and grew vigorously through the late summer and early fall. 
Again in 1933 and 1935, two exceptionally favorable seasons for these 
crops, red clover stands both on the treated and untreated plots were 
below those of other crops. 
There was a marked difference in the response of some of the 
legumes to soil treatments. The difference, however, was not so great 
in these trials as might be expected on most of our Wabash soils, since 
the lime requirement on the Elsberry field is well below the average. 
The greatest improvement noted as a result of treatments was in the 
improved stands and growth of red and sweet clover. But even on 
treated land only one good stand of red clover was obtained during the 
entire seven-year period covered by these trials. The stands and growth 
of alsike were better on the treated than on the untreated land, though 
the differences were not very great. Lespedeza showed little or no re-
sponse to soil treatment either in percentage of stands or growth of the 
plants. 
None of the legumes was damaged seriously by excessive moisture 
during the long period of wet weather that prevailed in the spring and 
early summer of 1933 and 1935. In fact, alsike made its best growth 
during these rainy periods, but the growth of red and alsike clover and 
lespedeza was retarded temporarily to a noticeable degree. 
